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A B S T R A C T

Nut consumption is not associated with a higher body weight, and potential energy-regulating mechanisms may include a reduced sub-
sequent energy intake and increased EE. The aim of this study was to examine the effect of tree nut and peanut consumption on energy
intake, compensation, and expenditure. PubMed, MEDLINE, CINAHL, Cochrane, and Embase databases were searched from inception to
June 2, 2021. Human studies with adults aged �18 y older were included. Energy intake and compensation studies were restricted to acute
effects (intervention duration of �24 h), whereas intervention duration was not limited for EE studies. Random effects meta-analyses were
conducted to explore weighted mean differences in REE. Twenty-eight articles from 27 studies (16 energy intake studies, 10 EE studies, and
1 study investigating both) with 1121 participants were included in this review, with a variety of nut types addressed (almonds, Brazil nuts,
cashews, chestnuts, hazelnuts, peanuts, pistachios, walnuts, and mixed nuts). Energy compensation occurred after nut-containing loads
(range: �280.5% to þ176.4%) and the degree of compensation varied depending on the form (whole and chopped) and how they were
consumed (alone and within a meal). The meta-analyses identified a nonsignificant increase in REE associated with nut consumption
(weighted mean difference: 28.6 kcal/d; 95% CI: �10.7, 67.8 kcal/d). This study provided support for energy compensation as a potential
mechanism for a lack of association between nut consumption and body weight, whereas no evidence was found for EE as an energy-
regulating mechanism of nuts.
This review was registered at PROSPERO as CRD42021252292.
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Introduction

Obesity is a prevalent issue in Australia and around the world
[1,2]. Body weight is maintained by achieving energy balance,
where energy intake and EE are equal. Weight gain typically
occurs when energy intake exceeds EE, and the opposite is often
true for weight loss. Energy intake from food and beverages is in
part regulated in the body by appetite, hunger, and fullness
sensations, with different foods and beverages affecting these
sensations in varied ways. Daily EE comprises REE and the TEF
and exercise [3]. Of these components, basal metabolic rate is
the largest component of REE and is defined as the minimum
energy required for vital body functions, such as respiration and
Abbreviations used: AUSNUT, Australian Food and Nutrient Database; WMD, wei
* Corresponding author. E-mail address: cn848@uowmail.edu.au (C.J. Nikodijevic)

https://doi.org/10.1016/j.advnut.2022.10.006
Received 17 July 2022; Received in revised form 12 October 2022; Accepted 28 Oc
2161-8313/© 2022 The Authors. Published by Elsevier Inc. on behalf of American So
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
circulation [4] and is usually measured during morning sleep to
capture a true basal metabolic rate [3]. By contrast, REE is
defined as the energy expended while resting and is measured as
such [5]. Therefore, the terms basal metabolic rate and REE are
often used interchangeably in the literature.

Tree nuts and peanuts are energy and nutrient dense [6].
Because of their demonstrated health benefits, regular con-
sumption of 30 g/d of nuts is recommended [7–12]. Moreover,
the evidence suggests that nut consumption is associated with a
lower body weight, despite their energy density [13–15].
Observational studies have shown that habitual nut consumption
is inversely associated with weight gain and obesity risk [16,17].
A recent meta-analysis of prospective cohorts and randomized
ghted mean difference.
.
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controlled trials (RCTs) combined these findings showing that
nut consumption is associated with a lower incidence of over-
weight or obesity and a lower body weight [15]. Furthermore,
the way that nuts are included in an eating pattern may affect the
results. A recent systematic review has found that participants
decreased their body fat in studies that instructed nuts to be
substituted into the eating pattern, yet no change in participant
body weight was found in studies which did not provide sub-
stitution instructions [14]. An understanding of the reasons for
this difference is not well established.

Studies have been conducted to understand the underlying
mechanisms responsible for the lack of association between nut
intake and body weight. Nuts have a hunger-suppressing effect,
yet their consumption does not promote fullness [13,18]. Hence,
it is thought that the energy contained within nuts may be
compensated for at later eating events [19–21]. That is, a
reduction in energy intake may be provoked by the previous
consumption of nuts. Energy compensation can be acute, with
the effects measured at the next meal or for the remainder of the
day, whereas chronic effects can be measured over a longer
period of weeks or months.

Several studies have suggested that regular nut consumption
may increase EE [22–25], although the results are not conclu-
sive. Mechanisms that may explain this potential increase in EE
include the high protein and fat content of nuts and the fatty acid
profile of nuts, consisting of mostly unsaturated fatty acids,
which are preferentially oxidized over saturated fatty acids [22,
23]. Further to this, the effect of nut consumption on EE can be
measured over a short period (as TEF) or long period (as REE).

Although studies have examined the effects of nut consump-
tion on energy intake compensation and EE, the studies need to
be synthesized to enhance our understanding of the mechanisms
of all tree nuts and peanuts. Therefore, the aim of this study was
to synthesize the body of evidence on the effect of tree nut and
peanut consumption on energy compensation (acute effects) and
EE (acute and chronic effects).

Materials and Methods

Search strategy
This systematic review was reported according to the

Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 guidelines [26] and registered with
PROSPERO (https://www.crd.york.ac.uk/prospero/, CRD4
2021252292). Five scientific databases—PubMed, MEDLINE
(EBSCO), CINAHL (EBSCO), Cochrane CENTRAL, and Embase
(Elsevier)—were searched from inception through to June 2,
2021 by 1 reviewer (CJN). Although MEDLINE is a subset of
PubMed, both databases were searched to ensure that recent
studies were captured, following the recommendations by Rosen
and Suhami [27]. There were no restrictions to the language or
date published. Alternative spelling, phrases, and truncations
were included in the search strings, using both free-text search
terms and relevant controlled vocabulary. The search strings
were piloted, including testing whether searches identified
sentinel articles that were previously recognized as being likely
to be eligible for the review [19,23,25,28]. The search strings
used in all 5 databases are provided in Supplementary Material
1. After the search, backward and forward citation searching of
eligible articles was conducted using citationchaser [29].
78
Selection criteria
RCTs (including feeding studies) with either a crossover or

parallel design were eligible for inclusion in this review. Studies
needed to meet the following criteria: include adults aged�18 y;
explore the consumption of almonds, Brazil nuts, cashews,
chestnuts, hazelnuts, macadamias, pecans, pine nuts, pistachios,
walnuts, and/or peanuts, in the form of whole nuts, chopped
nuts, nut butters or nut flours, or nut-containing foods where the
results could be isolated to nuts; and assess acute energy
compensation or acute energy intake (in kilojoules or calories) or
EE (as basal metabolic rate, REE, TEE, TEF, or diet-induced
thermogenesis). Acute energy compensation and energy intake
were defined as energy intake measured for a maximum of a 24-h
period and could be explored at the subsequent meal after nut
consumption, the remainder of the day, or during a whole 24-h
period. This review was restricted to acute energy compensa-
tion and energy intake to understand the effects of nut intake in a
controlled setting without the influence of other factors (such as
lifestyle and overall diet) that could interfere with energy
compensation/intake findings in chronic studies. Studies were
excluded if they were conducted with children or animals;
investigated coconuts (owing to differences in nutrient compo-
sition when compared with tree nuts and peanuts), nut oils, and
nut milks; and were of a systematic review or in vitro design.

Screening and data extraction
Database searches and backward and forward citation

searching were conducted by 1 reviewer (CJN). Title/abstract
and full-text screening were performed independently by 2 re-
viewers (CJN screened all search results and YCP and S-YT, each
screened half of all results) using Covidence systematic review
software (Veritas Health Innovation; www.covidence.org).
Conflicts that arose at either the title/abstract or full-text stages
were resolved by discussion until consensus was reached among
the 3 reviewers (CJN, YCP, and S-YT), with an additional
reviewer (EPN) consulted as required. Separate summary tables
were created for the energy compensation and EE findings and
included the study details, such as study design, country, popu-
lation, sample size, mean body mass index (BMI) and mean age
of participants, control and interventional diets, nut type, nut
form, nut dose, intervention duration, measurement of energy
intake/expenditure, and outcomes (i.e., energy intake and EE).
Study details were extracted by one reviewer (CJN) and source
data was verified [30] by a second reviewer (EPN). WebPlotDi-
gitizer online software [31] was used to extract numeric values
of results that were presented in a graphical format only. At-
tempts were made to contact the study authors to retrieve data
that were not provided in the published articles.

Where study authors calculated energy compensation, these
values were reported in the summary tables. In case authors did
not calculate energy compensation, energy compensation was
calculated by the review authors. Two authors (CJN and S-YT)
reviewed the energy compensation formula developed by Kirk-
meyer and Mattes [18], which was applied by CJN using a
Microsoft Excel (version 16, Microsoft Corporation, 2021) tem-
plate (Supplementary Material 2) to calculate the energy
compensation in remaining studies. The energy provided by nuts
in the intervention was a required component of this calculation,
and when it was not provided by the authors, the Australian Food
and Nutrient Database (AUSNUT) 2011–2013 Food Nutrient
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Database [32] was used to determine the energy content of nuts.
If the AUSNUT 2011–2013 Food Nutrient Database did not
provide data for a particular nut type or form (for example,
hazelnut flour), then a food product label was used to determine
the energy content. Calculating energy compensation was
necessary to compare the effects between studies that varied
between study designs.

Based on the formula, the energy compensation values can be
interpreted as the percentage of energy from nuts being
compensated in subsequent energy intake. Negative values
indicate not only a lack of energy compensation but also a nut-
promoted energy intake. Values between 0% and þ100% were
deemed to indicate partial energy compensation, whereby,
although the energy intake did increase, the increase was less
than the energy provided by the nut addition. A value of þ100%
indicated complete compensation, namely no change in energy
intake after nut addition. Values above þ100% indicated energy
compensation was beyond the energy provided by the nuts and,
therefore, resulted in lower subsequent energy intake (i.e.,
overcompensation).

Because of variation in outcomes and measurement methods,
synthesis via meta-analysis was only considered appropriate for
the studies that reported the effects of nut consumption on REE
or basal metabolic rate (treated as REE for the synthesis). As
mentioned previously, the terms basal metabolic rate and REE
are often used interchangeably. For the purpose of this review
and meta-analysis, the terms were combined and treated as REE.
For the meta-analysis, the mean values, standard deviation, and
sample size of studies examining the effect of nut consumption
on REE were extracted as recommended by the Cochrane
Handbook for Systematic Reviews of Interventions [33]. Change
values for REE were extracted where published; otherwise, final
values were obtained. Study authors were contacted to retrieve
or confirm data if the article did not provide sufficient infor-
mation. Where standard error was provided instead of standard
deviation, the values were transformed to standard deviation
using the formula provided in the Cochrane Handbook for Sys-
tematic Reviews of Interventions (chapter 6.5.2.2) [33]. Where a
study included more than 1 relevant intervention arm, data for
the intervention arms were combined [33].
Statistical analyses
Random effects meta-analyses were conducted using Review

Manager (RevMan Computer Program, version 5.4; the Cochrane
Collaboration, 2020). Weighted mean differences (WMDs) with
95% confidence intervals were determined for change or final
values for REE. Acute studies were not included in the analyses
owing to the variation in outcomes. Studies were included in the
meta-analyses if they measured REE in a chronic context and had
sufficient data. Data from the first intervention period of cross-
over studies was used for comparability with parallel study data,
as recommended by the Cochrane Handbook for Systematic
Reviews of Interventions [33].

The proportion of total variation attributable to between-
study heterogeneity was estimated using the I2 statistic, which
was generated for each analysis. An I2 value of at least 75% in-
dicates a high level of inconsistency, based on recommendations
by Higgins et al. [34]. Funnel plots were deemed inappropriate
owing to the low number of studies (<10) included. Sensitivity
analyses were conducted to further explore the results. Where
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studies had several intervention arms that could be considered
controls, for the purpose of this analysis, the data from the
nonnut intervention arms were combined with the control arm
data to observe the effect of additional controls. A leave-one-out
sensitivity analysis was conducted to observe the effect of
removing a single study at a time on the outcomes.
Quality assessment
Quality appraisal of the included studies was performed

independently by 2 reviewers (CJN, EPN) using the Academy of
Nutrition and Dietetics Quality Criteria Checklist—Primary
Research [35]. Any disagreements between the reviewers were
resolved by discussion to consensus.
Results

Study characteristics and quality
A total of 14,538 articles were identified across the 5 data-

bases. After the removal of duplicate articles and excluded
studies, 24 articles were identified as eligible. An additional 4
articles were identified after forward and backward citation
searching, bringing the total number of articles included in this
review to 28, derived from 27 studies [18,19,22,24,25,36–58].
Figure 1 shows the study selection process. Of note, 2 studies
[38,59] were excluded as they measured EE through methods
other than indirect calorimetry: in this case, by estimating EE
using physical activity records. There were 16 studies that re-
ported energy compensation [18,38,40–43,45–48,50–55], 10
studies that reported EE [19,22,24,25,39,44,49,56–58], and 1
study (2 articles) that investigated both [36,37]. Tables 1 and 2
present the characteristics of the energy compensation studies
and EE studies, respectively.

The study quality ranged from neutral (n ¼ 2) [19,52] to
positive (n ¼ 25). The reasons for neutral quality scores included
authors not discussing the study limitations and not disclosing
conflicts of interests or funding sources.
Energy intake/compensation studies
All studies that examined the effect of nut consumption on

energy intake or compensation (n ¼ 17) were of an RCT design
with either crossover or parallel arms and were conducted in
countries including the USA [18,41,42,47,52,53], Brazil [37,45,
47,54,55], France [43,48], the UK [50,51], New Zealand [40,
46], Australia [38], and Ghana [47] (Table 1).

The sample size ranged from 11 to 201 participants across the
17 studies. Eleven studies [18,38,40–42,45–47,52–54] included
both adult men and women, 5 studies [43,48,50,51,55] women
only, and 1 study [37] men only. The types of nuts that were
studied included peanuts (n ¼ 8), almonds (n ¼ 5), pistachios (n
¼ 2), walnuts (n ¼ 1), cashews (n ¼ 1), hazelnuts (n ¼ 1), Brazil
nuts (n ¼ 1), and chestnuts (n ¼ 1). Notably, although most
studies investigated only 1 type of nut, 2 studies investigated
multiple nut types [18,45]. The physical forms of nuts included
whole nuts (n ¼ 14), ground nuts (n ¼ 3), nut butters (n ¼ 3),
sliced nuts (n ¼ 1), and nut flours (n ¼ 1). Heat processing forms
of nuts included raw nuts (n¼ 5), roasted nuts (n¼ 5), and baked
chestnuts (n ¼ 1). However, 3 studies [47,48,53] did not specify
the form of nuts used.



FIGURE 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of the study selection protocol.
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Of the 17 studies, 9 [18,38,40,43,48,50,51,53,54] provided
nuts alone as a snack, 7 [37,41,42,45,46,52,55] provided nuts as
part of a larger snack or meal (mixed with other foods), and 1
[47] study investigated nut consumption both alone and as part
of a mixed meal. The dose of nuts provided as part of a mixed
meal or snack ranged from 20 to 56 g/d, and the dose of nuts
when consumed alone ranged from 23 to 87.5 g/d, with the
exception of 1 study [18] which provided 235.8 g of baked
chestnuts as a snack. Two studies [40,50] individualized the nut
dose based on the participants’ energy requirements or body
weight. In 10 studies [37,38,40–43,45,47,52,54], the
nut-containing intervention was compared with an isocaloric
control meal. Two studies [48,51] compared nut consumption
with a control of nil energy intake, and another 2 studies [46,55]
compared nut consumption with a control snack that was not
isocaloric to the intervention. Three studies [18,50,53]
compared a nut-containing intervention with both nil energy
intake and a snack (either isocaloric or of different energy
content).

Energy intake was the main outcome measured in energy
intake studies. However, the duration during which intake was
measured varied among studies. Five studies [18,46,47,53,55]
reported only the total daily energy intake (including energy
intake before, during, and after the consumption of nuts),
whereas another 5 studies [41,43,48,50,51] that reported total
daily energy intake also separated the data into meal occasions.
Five studies [37,40,42,45,52] reported only energy intake after
the consumption of nuts, with or without data separated into
meals. One study [38] measured energy intake only at the sub-
sequent meal after the nut consumption, and another study [54]
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measured energy intake for a 24-h period after the nut con-
sumption. The methods used to quantify energy intake include a
combination of a food record dietary methodology and
measuring plate waste from a preweighed buffet. Energy
compensation was a secondary outcome reported in 2 studies
[18,37] and was calculated by the reviewers in 14 studies [38,
40–43,45–48,50,51,53–55].
Findings for energy intake/compensation
Next-meal energy intake

Seven of the 17 energy intake studies reported energy intake
at the next meal (e.g., lunch) (Table 2). In 4 of the 7 studies,
energy intake at the subsequent meal was significantly lower
after consumption of nuts compared with consumption of a
control snack or no snack [38,48,50,51]. Three of the 7 studies
did not find any significant differences in energy intake at the
subsequent meal after the nut consumption compared with that
in the control arm [40,41,45].

Energy intake in subsequent meals
Nine of the 17 energy compensation studies reported energy

intakes for numerous eating occasions after the intervention
(e.g., lunch and dinner) (Table 2). Only 1 of these 9 studies found
a significantly lower energy intake for the remainder of the day
after the consumption of nuts versus a control snack [40]. Seven
of the 9 studies did not report any significant differences in en-
ergy intake in subsequent meals after nut consumption [37,42,
43,45,48,52,54]. One study investigated the effects of 2 doses of
almonds on energy intakes and found no effect on energy intake



TABLE 1
Characteristics of the 17 included studies examining the effect of tree nut and peanut consumption on energy intake and/or energy compensation in adults aged �18 y

Reference;
country

Study design Population; mean
BMI (kg/m2); mean
age (y)

Sample size
(completers)

Control diet Intervention diet Nut type, form,
and dose

Duration of
measurement

Food intake measurement Quality
appraisal

Alves et al.
[37]; Brazil

RCT Men with overweight
or obesity; 29.8; 27.1

71 (100% M,
0% F)

Participants consumed
milkshake and biscuits
(isocaloric to
intervention and
matched
macronutrient
content)

Participants consumed
milkshake and peanuts

1: High-oleic
peanuts
(unpeeled
roasted); 56 g

1 d Completed food record
for remainder of day.
After study protocol, a
750 kcal meal was offered
(sandwich, juice, and
apple)

Positive

2: conventional
peanuts
(unpeeled
roasted); 56 g

Barbour et al.
[38];
Australia

RCT
(crossover)

Healthy adults with
overweight or
obesity; 30 (M) and
31 (F); 62 (M) and 61
(F)

24 (54% M,
46% F)

Participants provided
with snack (15%–20%
of daily energy intake):
unsalted potato crisps
(M: 90 g, F: 60 g)

Participants provided
with snack (15%–20%
of daily energy
intake): high-oleic
peanuts or regular
peanuts

1: High-oleic
peanuts (roasted
unsalted)

180 min Buffet meal contained
preweighed food and
beverages to calculate
energy intake

Positive

2: Regular
peanuts (roasted
unsalted)
84 g (M) and 56 g
(F)

Brown et al.
[40]; New
Zealand

RCT
(crossover)

Healthy; 23.1;
median age 29

100 (25% M,
75% F)

Standard breakfast
(muesli, yogurt, milk)
providing ~20% of
energy requirements.
Snack of sweet biscuits
consumed 2 h after
breakfast

Standard breakfast
providing ~20% of
energy requirements.
Snack of almonds
consumed 2 h after
breakfast (isocaloric to
control)

Almonds (raw):
10% of
participant
energy
requirements or
42.5 g (1030 kJ),
whichever
provided more
energy

120 min; then
food records
for remainder
of test day

Unlimited lunch of
unevenly cut sandwiches.
Intake calculated by
subtracting leftovers from
the amount presented.
Participants recorded all
food and drinks
consumed for the
remainder of the day
using paper diaries
(weighed records)

Positive

Burton-
Freeman
[41]; USA

RCT
(crossover)

Healthy; 23; 33 (men,
n ¼ 12) and 30
(women, n ¼ 13)

25 (48% M,
52% F)

Consumption of either:
control shake (low-fat,
4% energy as fat); or
shake containing 12.5
g safflower oil (39%
energy as fat)
M: 300 g (1254 kJ), F:
225 g shake (941 kJ)

1: Walnut shake (39%
energy as fat)

Walnuts (finely
ground, or oil, as
part of a shake)

45 min; then
food records
for remainder
of test day

Participants provided
with a preweighed lunch
tray and completed food
records on the test days

Positive

2: Walnut oil shake
(39% energy as fat)

1: Shake
containing 20 g
finely ground
walnuts

M: 300 g (1254 kJ), F:
225 g shake (941 kJ)

2: Shake
containing 12.5 g
walnut oil1

Burton-
Freeman
et al. [42];
USA

RCT
(crossover)

Healthy; 25 (men, 8)
and 23 (women, 7);
30 (M) and 35 (F)

15 (53% M,
47% F)

Breakfast meal
including muffin made
with safflower and
corn oil. Test meal
provided
approximately one-
third of average daily
energy of men (4.1
MJ) and women (3.2

Breakfast meal
including either whole
almonds or a muffin
made with almond oil.
Test meal provided
approximately one-
third of average daily
energy of men (4.1
MJ) and women (3.2
MJ)

1: Whole
almonds; 40 g
(men) and 28 g
(women)

6 h Participants were offered
a tray containing
preweighed food (fruit,
cookies, chips, nuts,
drinks etc.). Participants
kept half-day food records
(after study period until
midnight of same day)

Positive

2: Almond oil;
weight of muffin
containing
almond oil: 110 g
(men) and 75 g
(women)

(continued on next page)
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TABLE 1 (continued )

Reference;
country

Study design Population; mean
BMI (kg/m2); mean
age (y)

Sample size
(completers)

Control diet Intervention diet Nut type, form,
and dose

tion of
urement

Food intake measurement Quality
appraisal

MJ) (isocaloric to
intervention)

Carughi et al.
[43]; France

RCT
(parallel)

Healthy women;
21.6; 35

60 (0% M,
100% F)

Afternoon snack of 56
g of “Gouda aperitif
biscuits” (isocaloric to
intervention)

Afternoon snack of 56
g pistachios

Pistachios
(roasted, lightly
salted, in-shell);
56 g

Participants kept a food
diary

Positive

Costa et al.
[45]; Brazil

RCT
(crossover)

Adults with
overweight or
obesity; 30.9; 29.0

15 (33% M,
67% F)

Shake without nuts
(isocaloric to
intervention, matched
macronutrient
content)

Shake containing nuts.
Nuts crushed to give
similar texture to
control

30 g cashews
(ground) and 15 g
Brazil nuts
(ground)

then food
rds for
inder of
ay

Served an unlimited
lunch after shake,
weighed food before and
after lunch consumption.
Intake of remaining day
(after lunch) estimated
through food record

Positive

Devi et al.
[46]; New
Zealand

RCT
(crossover)

Healthy; 24.08; 30.2 32 (34% M,
66% F)

Replace normal bread
consumption at
breakfast with white
bread

Replace normal bread
consumption at
breakfast with 1 of the
3 test breads: bread
containing slices
hazelnuts, bread
containing semi-
defatted hazelnut
flour, or bread
containing a
combination of both

Hazelnuts: Participants recorded a
weighed food diary on the
test day

Positive
1: finely sliced
2: semi-defatted
flour
3: combination of
the 2
1: 30 g/120 g
bread
2: 30 g/120 g
bread
3: 15 g each sliced
and flour per 120
g bread

Devitt et al.
[47]; USA,
Ghana and
Brazil

RCT
(parallel)4

Healthy Americans,
Ghanaians, and
Brazilians; 23.1 (USA
n ¼ 63), 21.9 (Ghana
n ¼ 78), and 22.9
(Brazil n ¼ 60); 22
(USA), 25 (Ghana),
and 24 (Brazil)

201 (50% M,
50% F)

The snack mix was
presented at 2 eating
occasions (with a
lunch meal, “meal”; or
alone 120 min after
the provided lunch,
“snack”) on separate
days

One of the 2 treatment
arms: peanuts or snack
mix with peanuts.
Presented as per
control protocol.
Treatments and
control isocaloric

1: peanuts (52 g) Participants kept a food
record for the whole of
the test day

Positive
2: snack mix with
peanuts
(containing 26 g
peanuts)
1255 kJ per
treatment

Fantino et al.
[48]; France

RCT
(crossover)

Healthy
premenopausal
women; 23.425 and
23.606; 335 and 306

57 (0% M,
100% F)

No mid-morning snack Mid-morning snack of
pistachios

Pistachios
(shelled, slightly
salted); 44 g

then food
rds for
inder of
ay7

Amounts of lunch foods
were weighed and
recorded, plate waste was
measured. Then,
participants kept food
diaries for remainder of
the day

Positive

Hollingworth
et al. [50];
UK

RCT
(crossover)

Healthy; 22.0; 26.0 42 (0% M,
100% F)

Mid-morning snack of
either water or savory
crackers8

Mid-morning snack of
almonds

Almonds (raw):
0.9 g per
kilogram of body
weight

All foods measured
preconsumption and
postconsumption to
determine energy intake
(from unlimited lunch,
dinner, and snack box)

Positive

(continued on next page)
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meas

1 d2

4 h;
reco
rema
test d

1 d3

1 d

2 h;
reco
rema
test d

1 d



Hull et al. [51];
UK

RCT
(crossover)

Healthy; 22.7; 48.4 32 (0% M,
100% F)

Mid-morning snack of
water only.

Mid-morning snack of
water and almonds

Almonds (raw
whole); 28 g
(half-dose) or 42
g (full dose)

1 d Unlimited lunch and
dinner weighed before
and after consumption to
calculate energy intake

Positive

Johnston and
Buller [52];
USA

RCT
(crossover)

Healthy; 22.7; 27.9 11 (9% M,
91% F)

Participants consumed
first test meal (bagel
and juice) with
sweetened water (with
or without apple cider
vinegar added). This
procedure was
repeated for a second
test meal (teriyaki
chicken and rice)

As per control diet,
except peanut butter
on bagel and roasted
peanuts in chicken
meal. Added peanut
butter or peanuts did
not change energy
content

Peanut butter and
peanuts (roasted);
25 g each

1 d Food records for
remainder of day
completed by participants

Neutral

Johnston, Trier
and Fleming
[53]; USA

RCT
(crossover)

Healthy; 23.1; 28.4 15 (13% M,
87% F)

Participants consumed
either a cup of water
only, or a grain bar and
water, followed by a
standardized meal
(buttered bagel and
juice) 60 min later

As per control diet,
except participants
consumed peanuts
(isocaloric to grain
bar) and water.
Consumed same
standardized meal 60
min later

Peanuts; 23 g 1 d Participants asked to
record all food and
beverages consumed on
the test day

Positive

Kirkmeyer and
Mattes [18];
USA

RCT
(crossover):
Within-
subject
design

Healthy; BMI not
reported (normal
weight, 12%–28%
body fat); 22

24 (50% M,
50% F)

Consumed a preload of
either: milk chocolate,
dill pickles, salt-free
and fat-free rice cakes,
or no load

Consumed a preload of
either: peanuts, peanut
butter, almonds, or
chestnuts

1: peanuts
(unsalted)

1 d Participants trained in
diet records before the
study. Participants used a
standard form to record
intake for 24 h before and
after preload

Positive

2: peanut butter
(low sodium)
3: almonds (bulk,
raw)
4: chestnuts
(whole, in water,
rinsed and baked)
500 kcal portion:
87.5 g peanuts,
70.8 g PB, 80.4 g
almonds, 235.8 g
chestnuts

Reis et al. [54];
Brazil

RCT
(crossover)

Healthy; 22.7; 28.5 13 (31% M,
69% F)

Control meal: cheese
sandwich with 200 mL
water. Matched to
intervention meals for
energy and
macronutrient content

One of the 3
intervention meals
(peanuts) with 200 mL
water

1: peanuts (raw,
with skin); 63 g

24 h after test
meal

Participants kept free-
feeding dietary records
over the 24 h after test
meal consumption

Positive

2: peanuts
(roasted, without
skin); 63 g
3: peanuts
(roasted, ground,
without skin); 63
g

Reis et al. [55];
Brazil

RCT
(crossover)

Adults with obesity;
32.36; 35.33

13 (0% M,
100% F)

Breakfast contained
orange juice and cereal
(not isocaloric to
interventions)

Breakfast with the
addition of either
whole peanuts or
peanut butter

1: peanuts
(whole, no skins;
WP); 42.5 g

4 h; then food
records for
remainder of
test day

Standard lunch provided.
Participants were trained
to record food, and
recorded food intake
before the study (baseline
eating habits). After
leaving the laboratory on
test day, participants

Positive

2: PB; 42.5 g

(continued on next page)
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after the 28-g dose and significantly lower energy intakes after
the 42-g dose, when comparing nut consumption with water
[51].

Daily energy intake
Ten of the 17 energy compensation studies reported the total

daily energy intake on the day of the intervention, including
energy intake before, during, and after the intervention
(Table 2). One study reported a significantly lower daily energy
intake in the intervention arm versus control [48]. The remain-
ing 9 studies did not find any significant effect of nut con-
sumption on daily energy intake [18,41,43,46,47,50,51,53,55].

Energy compensation
Energy compensation was calculated for 16 of the 17 energy

intake studies to allow for comparison between the studies
(Figure 2). In 2 of the 17 energy intake studies, energy
compensation was measured and reported in the articles [18,37].
Energy compensation was calculated by reviewers in 14 of the 17
studies, whereas 1 of the 17 studies did not provide sufficient
information to calculate energy compensation [52]. Therefore,
the energy compensation results are provided for 16 studies.

In 2 [43,53] of the 16 studies, energy compensation was
greater than the energy provided by the nuts, that is, over-
compensation, with energy compensation greater than þ100%.
For example, a study by Carughi et al. [43] reported a habitual
energy intake of 8705 kJ and 7860 kJ on the test day when
pistachios (1242 kJ) were consumed, leading to an energy
compensation of þ168.0%. In 5 [38,40,48,50,54] of the 16
studies, partial energy compensation occurred, indicated by a
value between 0% and 100%. In 4 [41,42,45,55] of the 16
studies, energy compensation did not occur, reflected by an in-
crease in energy intake with nut consumption.

In the remaining 5 studies, energy compensation varied
because of several interventions in each study. Alves et al. [37]
compared energy compensation of conventional peanuts and
high-oleic peanuts and found a higher degree of compensation
with conventional peanuts (þ134.2% vs. þ84.0%), suggesting
that a difference in fatty acid profiles affects energy compensa-
tion. Kirkmeyer and Mattes [18] investigated energy compen-
sation among various nuts and nut products. The highest energy
compensation was reported for peanut butter (þ151%), followed
by peanuts (þ104%), almonds (þ57%), and chestnuts (þ57%)
[18]. In a study by Devi et al. [46], a bread containing
semi-defatted hazelnut flour promoted subsequent energy intake
(energy compensation: �11.2%), however, this effect was
reversed when combining the flour with sliced hazelnuts in
bread (þ149.4%; overcompensation) which had a greater effect
on energy compensation than that by bread containing only
sliced hazelnuts (þ16.5%; partial compensation). The hazelnut
flour bread arm was the only arm to have an increased energy
intake on the test day when compared with the control (8904 kJ
vs. 8832 kJ) [46]. In a study by Devitt et al. [47], partial
compensation occurred for 1 of the interventions—a snack mix
containing peanuts—whereas compensation did not occur for
the peanut intervention (þ20.0% and �2.6%, respectively).
Finally, in a study by Hull et al. [51], partial compensation
occurred for the 28-g dose (þ72.1%) and overcompensation
occurred for the 42-g dose (þ114.7%), suggesting a potential
dose–response effect.



TABLE 2
Main findings of the 17 included studies examining the effect of tree nut and peanut consumption on energy intake and/or energy compensation in
adults aged �18 y

Reference; country Energy intake (control diet) Energy intake (intervention diet) Energy compensation

Alves et al. [37]; Brazil Data not provided Data not provided þ102.3% (control)2; þ84.0% (HOP)2;
þ134.2% (CVP).2 No significant
difference between groups

Energy compensation: HOP: 84.0 (SEM:
23.2); CVP: 134.2 (SEM: 22.7). No
significant difference between groups

Barbour et al. [38];
Australia

Energy intake at buffet meal 3 h after
snack: 3031 kJ (SEM: 241) (P < 0.005 vs.
both peanut meals)

Energy intake at buffet meal 3 h after
snack: high-oleic peanut: 2380 kJ (SEM:
196) (P < 0.001 vs. control)

þ39.2% (HOP)3; þ30.6% (CVP)3

Regular peanut snack: 2498 kJ (SEM: 186)
(P < 0.005 vs. control)

Brown et al. [40]; New
Zealand

Unlimited lunch intake: 2898 (SD: 1329)
kJ (P > 0.05 vs. intervention)

Unlimited lunch intake: 2820 (SD: 1343)
kJ (P > 0.05 vs. control)

þ56.9%3

Remaining energy intake (from diaries):
5200 (SD: 2676) kJ (P > 0.05 vs.
intervention)

Remaining energy intake (from diaries):
4658 (SD: 2517) kJ (P > 0.05 vs. control)

Intake from lunch and remaining day
combined: 8132 (SD: 3044) kJ (P < 0.05
vs. intervention)

Intake from lunch and remaining day
combined: 7494 (SD: 2589) kJ (P < 0.05
vs. control)

Burton-Freeman [41];
USA

Low-fat shake Ground walnut shake �55.3%3

Energy intake at lunch: 3014 (SEM: 134)
kJ (P¼ 0.09 vs. ground walnut shake; P¼
0.02 vs. walnut oil shake)

Energy intake at lunch: 3340 (SEM: 134) kJ
(P ¼ 0.09 vs. low-fat shake)

Total daily energy intake: 10.010 (SEM:
0.476) MJ/d (P > 0.05 vs. all shakes)

Total daily energy intake: 10.218 (SEM:
0.477) MJ/d (P > 0.05 vs. all shakes)

Safflower oil shake Walnut oil shake
Energy intake at lunch: 3198 (SEM: 134)
kJ

Energy intake at lunch: 3457 (SEM: 138) kJ
(P ¼ 0.02 vs. low-fat shake)

Total daily energy intake: 10.308 (SEM:
0.506) MJ/d (P > 0.05 vs. all shakes)

Total daily energy intake: 10.695 (SEM:
0.566) MJ/d (P > 0.05 vs. all shakes)

Burton-Freeman, Davis
and Schneeman [42];
USA

Poststudy energy intake Poststudy energy intake
Whole almonds: 8.4 (SEM: 0.7) MJ
Almond oil: 6.5 (SEM: 0.7) MJ
NS differences among treatment and
control arms

�280.5%3

7.8 (SEM: 0.7) MJ

Carughi et al. [43];
France

Postsnack intake: 2216 (SD: 871) kJ
Daily energy intake: 7383 (SD: 1510) kJ

Postsnack intake: 2403 (SD: 941) kJ þ168.0%3

Daily energy intake: 7860 (SD: 1843) kJ
Both NS vs. control

Costa et al. [45]; Brazil Unlimited lunch intake: 923.0 (SEM:
385.0) kcal (P > 0.05 vs. intervention)

Unlimited lunch intake: 963.1 (SEM:
298.8) kcal (P > 0.05 vs. control)

�42.1%3

Food intake postlunch: 1012.6 (SEM:
462.9) kcal (P > 0.05 vs. intervention)

Food intake postlunch: 1089.3 (SEM:
573.3) kcal (P > 0.05 vs. control)

Devi et al. [46]; New
Zealand

Total daily energy intake: 8832 (95% CI:
7376, 10,288) kJ

Total daily energy intake þ16.5% (sliced hazelnuts)3; �11.2%
(hazelnut flour)3; þ149.4%
(combination)3

Sliced: 8699 (95% CI: 7735, 9664) kJ
Flour: 8904 (95% CI: 8034, 9773) kJ
Combination: 7749 (95% CI: 6730, 8767)
kJ
NS between breads

Devitt et al. [47]; USA,
Ghana and Brazil

Daily energy intake during snack mix
sessions (n ¼ 68): 10,142 (SE: 276) kJ

Daily energy intake during peanut sessions
(n ¼ 66): 10376 (SE: 276) kJ

Combining meal and snack sessions:
�2.6% (peanuts)3; þ20.0% (peanuts
in snack mix)3Daily energy intake during snack mix with

peanuts sessions (n ¼ 67): 10293 (SE: 276)
kJ
NS between arms

Fantino et al. [48];
France

Lunch intake: 677.2 (SEM: 17.3) kcal Lunch intake: 611.6 (SEM: 17.5) kcal (P <

0.001 vs. control)
þ40.5%3

Dinner intake: 717.2 (SEM: 31.6) kcal Dinner intake: 681.6 (SEM: 29.4) kcal (P >

0.05 vs. control)
Total daily intake: 1822.4 (SEM: 41.2)
kcal1

Total daily intake: 1721.1 (SEM: 39.5) kcal
(P < 0.01 vs. control)1

Hollingworth et al. [50];
UK

Water Almonds
Lunch intake: 1007.3 (SD: 299.1) kcal (P <

0.05 vs. water, P > 0.05 vs. cracker)
Total daily energy intake: 2992.0 (SD:
654.2) kcal (P > 0.05 vs. water, P > 0.05
vs. cracker)

þ37.3%3

Lunch intake: 1143.6 (SD: 347.4) kcal (P
< 0.05 vs. crackers and almonds)
Total daily energy intake: 2797.2 (SD:
728.2) kcal (P < 0.05 vs. water; P > 0.05
vs. almonds)
Crackers

(continued on next page)
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TABLE 2 (continued )

Reference; country Energy intake (control diet) Energy intake (intervention diet) Energy compensation

Lunch intake: 1019.6 (SD: 345.6) kcal (P
< 0.05 vs. water; P > 0.05 vs. almonds)
Total daily energy intake: 2990.6 (SD:
748.9) kcal (P < 0.05 vs. water; P > 0.05
vs. almonds)

Hull et al. [51]; UK L: 764.1 (SEM: 23.3) kcal
D: 1060.0 (SEM: 41.7) kcal
Total: 2168.5 (SEM: 59.7) kcal (P > 0.05
vs. interventions)

28 g Almonds þ72.1% (28 g almonds)3; þ114.7%
(42 g almonds)3L: 698.0 (SEM: 31.3) kcal (P < 0.05 vs.

control and 42 g)
D: 1002.1 (SEM: 36.0) kcal (P > 0.05 vs.
control, P < 0.05 vs. 42 g)
Total daily EI: 2216.8 (SEM: 63.6) kcal (P>

0.05 vs. control and 42 g)
42 g almonds
L: 622.06 (SEM: 30.2) kcal (P < 0.05 vs.
control and 28 g)
D: 907.1 (SEM: 36.3) kcal (P < 0.05 vs.
control and 28 g)
Total daily EI: 2130.3 (SEM: 51.5) kcal (P>

0.05 vs. control and 28 g)
Johnston and Buller
[52]; USA

Data not provided Data not provided Data not sufficient to calculate
compensation

Johnston, Trier and
Fleming [53]; USA

Total daily energy intake: Total daily energy intake
Peanuts: 1771 (SEM: 149) kcal (P > 0.05
vs. control and grain bar)

þ176.4%3

Control: 1878 (SEM: 209) kcal (P > 0.05
vs. grain bar and peanuts)
Grain bar: 1756 (SEM: 144) kcal (P >

0.05 vs. control and peanuts)
Kirkmeyer and Mattes
[18]; USA

Daily energy intake (no load): 7905 (SEM:
693) kJ (P > 0.05 vs. interventions)

Daily energy intake þ104% (peanuts)2; þ151% (PB)2;
þ57% (almonds)2; þ57% (chestnuts)2

These values are not significantly
different

Peanuts: 9372 (SEM: 591) kJ
PB: 8903 (SEM: 611) kJ
Almonds: 10,024 (SEM: 713) kJ
Chestnuts: 9616 (SEM: 673) kJ
These values are not significantly different

Reis et al. [54]; Brazil Energy intake in 24 h after test meal:
1738.40 (SEM: 125.91) kcal
NS differences among control and
intervention arms

Energy intake in 24 h after test meal þ19.2% (raw peanuts)3; þ30.2%
(roasted peanuts)3; þ18.1% (ground
roasted peanuts)3

Raw: 1724.75 (SEM: 93.78) kcal
Roasted: 1684.75 (SEM: 96.58) kcal
Ground: 1728.76 (SEM: 109.59) kcal
NS differences among control and
intervention arms

Reis et al. [55]; Brazil Daily energy intake: 7842 (SD: 1696) kJ
(P > 0.05 vs. interventions)

WP Daily energy intake: 8772 (SD: 2334)
kJ

�76.4% (peanuts)3; �21.8% (PB)3

PB Daily energy intake: 8136 (SD: 1620) kJ
Both arms P > 0.05 vs. control

CVP, conventional peanut; D, dinner; HOP, high-oleic peanut; L, lunch; NS, not significant; PB, peanut butter; WP, whole peanuts.
1 Energy provided by the snacks excluded.
2 Compensation calculated by the author of the study.
3 Compensation calculated by the reviewer.
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EE studies
All studies that reported on EE (n¼ 11) were of an RCT design

(Table 3). Countries in which studies were conducted included
the United States [19,25,39], Sweden [22,44], Brazil [36,37],
Australia [56], New Zealand [58], Spain [24], Greece [57], and
Israel [49].

The sample size ranged from 15 to 71 participants, and 6
studies [19,22,39,44,56,58] included both men and women, 3
studies (from 4 articles) [24,36,37,49] men only, and 2 studies
[25,57] women only. Each study investigated only 1 type of nut,
and types included walnuts (n ¼ 5), peanuts (n ¼ 2), almonds (n
¼ 2), hazelnuts (n ¼ 1), and mixed nuts (n ¼ 1). Various forms of
nuts were explored, such as whole nuts, ground nuts, roasted
nuts, and raw nuts. Some studies investigated multiple forms of
nuts, and 7 studies [22,24,39,49,56–58] did not specify the
forms of nuts that were used.
86
Of the 11 studies, 3 studies [24,39,56] investigated nuts
consumed as part of a mixed meal, 2 studies [49,57] the con-
sumption of nuts alone, and 1 study (2 articles) [36,37] both. In 5
studies [19,22,25,44,58], it was not clear how the nuts were
being consumed (alone or mixed with other foods) because of the
chronic nature of the studies where participants were instructed
to consume nuts every day for weeks or months. The dose of nut
consumption ranged from 25 to 100 g/d, although 1 study [24]
did not report the dose of walnuts. Four studies [19,22,44,56]
individualized the nut dose based on participants’ energy re-
quirements or body weight. In 8 [22,24,36,37,39,44,49,56,57]
of the 11 studies, nut consumption was compared with an
isocaloric control snack. In 2 studies [19,25], daily nut con-
sumption was compared with the control arm, which followed
their regular diet, and in 1 study [58], participants followed their
regular pattern of eating with the addition of no snacks (control)



FIGURE 2. Energy compensation1 (%) of nut interventions categorized into subgroups based on consumption as a snack or within a meal, and
sorted by nut type and study. 1Values below 0% indicate increased subsequent energy intake (more than the energy provided by nuts). Values
between 0% and þ100% indicate partial energy compensation (the increase in subsequent energy intake was less than the energy provided by
nuts). A value of þ100% indicates complete compensation (no change in subsequent energy intake). Values more than þ100% indicate energy
compensation was beyond the energy provided by the nuts (lower subsequent energy intake).
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TABLE 3
Characteristics of the 11 included studies examining the effect of tree nut and peanut consumption on EE in adults aged �18 y

Reference;
country

Study
design

Primary
outcome

Population;
mean BMI (kg/
m2); mean age
(y)

Sample size
(completers)

Control diet Intervention diet Nut type, form,
and dose

Intervention
duration

EE measurement Quality
appraisal

Alves et al.
[36,37];
Brazil

RCT
(parallel)

Postprandial
EE

Men with
overweight or
obesity.
Postprandial
study: 29.8;
27.1
Chronic study:
29.7; 27.4 (CT),
28.0 (CVP) and
26.8 (HOP)

Postprandial
study: 71
(100% M, 0%
F)
Chronic
study: 65
(100% M, 0%
F)

Postprandial study:
Controlled diet
with the addition
of 56 g biscuits
(isocaloric to
intervention).
Chronic study:
Hypocaloric diet
(�250 kcal/d from
requirements).
Isocaloric to
intervention diets.
Test meal on day of
measurements:
strawberry
milkshake and
biscuits

Postprandial
study: Controlled
diet with addition
of 56 g of either
HOPs or regular
peanuts.
Chronic study:
Hypocaloric diet
(�250 kcal/
d from
requirements)
with the inclusion
of peanuts. Test
meal: strawberry
milkshake and
peanuts

1: HOPs
(roasted); 56
g/d
2: regular
peanuts
(roasted); 56
g/d

Postprandial
study: 1 d
Chronic study:
4 wk

REE obtained from
respiratory gas exchange
measured by indirect
calorimetry using a ventilated
respiratory canopy (Deltatrac
II, MBM-200; Datex
Instrumentarium
Corporation), measured over
30 min under fasting
conditions
DIT and substrate oxidation
were measured by gas
exchange—4 times over 200
min after test meal ingestion
during 20-min within 30-min
intervals

Positive

Chronic REE
and DIT

Casas-
Agustench
et al. [24];
Spain

RCT
(crossover)

Postprandial
TEF

Healthy; 24.1;
22

29 (100% M,
0% F)

Morning test meal,
isocaloric to each
other and to
intervention:
1: high MUFA
(white bread,
strawberry jam,
apple, skim yogurt,
skim cheese, virgin
olive oil)
2: high SFA (white
bread, strawberry
jam, apple, plain
yogurt, Gouda
cheese, butter)

Morning test
meal:
high PUFA (white
bread, strawberry
jam, apple, skim
yogurt, walnuts)

Walnuts; dose
not reported

1 d Open-circuit indirect
calorimetry with a canopy
system (DELTATRAC II,
Finland). Duration not stated.
TEF measured during a 5-h
period using the same
indirect calorimetry system

Positive

Gepner et al.
[49];
Israel

RCT
(crossover)

Postprandial
EE

Adults with
obesity; 31.1;
45.2

40 (100% M,
0% F)

Consumption of 5
slices wholegrain
bread (150 g,
isocaloric to
intervention)

Consumption of
walnuts
(isocaloric to
control)

Walnuts; 56 g 40 min
(postprandial)

Measured REE and 25-min
postprandial EE for 16 min
(20 min total with a 4-min
adaptation phase—excluded),
after a 10-min rest and a
“steady state” was observed
(supine position, 22�C–24�C).
Measured by indirect
calorimetry (QUARK REE by
COSMED) with head covered
with a ventilated canopy

Positive

Tapsell et al.
[56];
Australia

RCT
(crossover

Postprandial
EE

Healthy adults
with

16 (44% M,
56% F)1

Controlled
breakfast and lunch
based on energy

Controlled
breakfast and
lunch based on

Walnuts;
25–35 g (based
on individual

8 h Participants entered room
calorimeter while fasting in
the morning and consumed

Positive

(continued on next page)
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feeding
study)

overweight;
31.2; 52.8

requirements
(isocaloric to
intervention diet);
included olive oil
at lunch

energy
requirements;
included walnuts
at breakfast

energy
requirements)

breakfast and lunch during
the 8-h stay in the chamber; 2
visits

Tentolouris
et al. [57];
Greece

RCT
(crossover)

Postprandial
EE and MIT

Healthy
females; lean
participants (n
¼ 19) 22.51
and
participants
with obesity (n
¼ 22) 34.56;
lean 33.2 and
obese 32.3

41 (0% M,
100% F)

CHO-rich test meal
consisting of white
bread and honey

Walnuts
(isocaloric to
control)

Walnuts; 100 g 3 h Respiratory gas exchange was
performed by an open-circuit
ventilated hood system
(Deltatrack monitor) for 30
min in the fasting state, and
for 30 min every hour for a
total of 3 h after meals. REE
and RQ were calculated from
oxygen consumption and
carbon dioxide production
using the Weir formula. MIT
and macronutrient oxidation
were calculated using
formulas

Positive

Agebratt
et al. [22];
Sweden

RCT
(parallel)

Chronic BMR Healthy non-
obese; 22.3;
23.5

30 (60% M,
40% F)

Participants
instructed to
consume 7 kcal per
kg body weight per
day of fresh fruit in
addition to
habitual diet

Participants
instructed to
consume 7 kcal
per kg body
weight per day of
nuts (tree nuts
and peanuts
accepted) in
addition to
habitual diet

Mixed
(participants
purchased tree
nuts and/or
peanuts)
7 kcal per kg
body weight
per day

8 wk Measured BMR by indirect
calorimetry (Quark RMR,
Cosmed). Participants rested
lying down for 10 min before
BMR measurements taken

Positive

Brennan
et al. [39];
USA

RCT
(crossover)

Chronic REE Metabolic
syndrome;
36.9; 58.0

15 (60% M,
40% F)

Placebo shake
(isocaloric to
intervention)
consumed in
morning, as part of
a controlled
isocaloric diet

Walnut-
containing shake
consumed in
morning, as part
of a controlled
isocaloric diet

Walnuts; 48 g/
d

2 d (4 d apart) REE measured using indirect
calorimetry on the first and
final day of each visit

Positive

Claesson
et al. [44];
Sweden

RCT
(parallel)

Chronic BMR Healthy; age
range 19–30;
BMI range
19.0–26.4

25 (44% M,
56% F)

Regular diet with
addition of candy
(isocaloric to
peanuts)

Regular diet with
addition of
peanuts

Peanuts
(roasted,
salted); 84 kJ/
kg/d

2 wk BMR measured using a
ventilated hood technique
(Delta Trac, SensorMedics) in
the fasting state in the
morning. Duration of
registration varied between
15 and 20 min (resting period
was around 15 min before
BMR recording)

Positive

Fraser et al.
[19]; USA

RCT
(crossover)

Chronic REE Healthy; 26.7
(M) and 25.9
(F); 49.2 (M)
and 49.9 (F)

412 Regular diet Participants
advised to
consume
allocated amount
of almonds every
day

Almonds
(participant
choose either
raw or dry-
roasted)
15% of daily
energy for each
individual

6 mo REE obtained using the
Sensormedics 4400 metabolic
unit. Note: a failure in the
original equipment
invalidated the data for
groups 1 and 2. Results report
groups 3 and 4 only (using
new equipment)

Neutral

(continued on next page)
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TABLE 3 (continued )

Reference;
country

Study
design

Primary
outcome

Population;
mean BMI (kg/
m2); mean age
(y)

Sample size
(completers)

Control diet Intervention diet Nut type, form,
and dose

Intervention
duration

EE measurement Quality
appraisal

(mean 54.3 g/
d)

Hollis and
Mattes
[25]; USA

RCT
(crossover)

Chronic RMR
and TEF

Healthy; 25.9;
24

20 (0% M,
100% F)

Usual diet (no nuts) Participants
consumed
almonds without
advice about how
to include them

Almonds (raw
unsalted);
1440 kJ/
d portion

10 wk RMR was measured by
indirect calorimetry (weeks 1
and 8). Participants fasted for
12 h overnight, entered
thermo-neutral laboratory
and rested in supine position
for 20 min. Then, ventilated
hood was placed on head for
45 min, of which the last 15
min were used to determine
RMR. TEF was estimated by
EE measurements in 6 h after
almond consumption (in
supine position). TEE
measured using doubly
labeled water (week 8)

Positive

Tey et al.
[58]; New
Zealand

RCT
(parallel)

Chronic RMR Healthy; 23.8;
37.4 (using n ¼
118)3

493 Habitual diet with
the addition of no
snacks, chocolate
(50 g), or potato
crisps (50 g)

Habitual diet with
the addition of
hazelnuts (42 g)
isocaloric to
chocolate and
crisps. Received
no dietary advice,
instructed to
consume full
snack every day

Hazelnuts; 42
g/d (~1100
kJ)

12 wk RMR measured by indirect
calorimetry after 12 h
overnight fasting. After a 15-
min rest, gas collection was
achieved for a 15-min period

Positive

CHO, carbohydrate; CT, control; CVP, conventional peanut; DIT, diet-induced thermogenesis; F, female; HOP, high-oleic peanut; M, male; MIT, meal-induced thermogenesis.
1 Sample size: n ¼ 14 for adjusted; n ¼ 16 for nonadjusted.
2 Originally n ¼ 81 (53% M, 47% F) in this study; however invalid data produced for 40 participants, so valid EE data reported for n ¼ 41.
3 Sample size, n ¼ 118 (47% M, 53% F); however, only 49 completed RMR measurements.
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or addition of nuts, crisps, or chocolate (which were isocaloric to
each other).

EE was measured both acutely (postprandial EE measured
immediately after nut consumption) and chronically (REE
measured after a longer-term intervention). The study duration
varied from 1 d to 6 mo. Five studies [24,37,49,56,57] explored
postprandial EE in an acute context. Seven studies [19,22,25,36,
39,44,58] explored REE in a chronic context. EE was measured
using indirect calorimetry, and in all studies that measured REE,
participants were fasted and resting during the measurement,
except for 2 studies [24,39], which did not specify the
conditions.
Findings for EE
Studies assessing the effect of nut consumption on acute EE
(<24 h)

Five of the 11 EE studies investigated outcomes in an acute
context (Table 4). Three of these studies reported significant
results, but these results were conflicting among the studies [24,
37,49]. Gepner et al. [49] found a significantly lower post-
prandial EE after walnut consumption than that after wholegrain
bread consumption. A study by Alves et al. [37] reported that the
consumption of high-oleic peanuts elicited a higher postprandial
EE that by regular peanuts and the control snack (biscuits);
however, the difference was only statistically significant when
comparing high-oleic and regular peanuts. Furthermore, post-
prandial EE was significantly lower after consuming regular
peanuts than that after biscuits [37]. Casas-Agustench et al. [24]
explored TEF after consuming walnuts and found increased TEF
when comparing walnuts with a high-saturated fatty acid meal
and a high-monounsaturated fatty acid meal; however, the dif-
ference was only statistically significant when comparing wal-
nuts with the high-saturated fatty acid meal. The remaining 2
studies that examined acute EE did not find any significant effect
of nuts on postprandial EE [56,57].

Studies assessing the effect of chronic nut consumption on EE
Seven of the 11 EE studies explored outcomes in a chronic

context (Table 4). Of these studies, 5 studies [22,25,36,44,58]
were eligible for inclusion in the meta-analyses. These studies
explored nut supplementation over 2–12 wk (acute studies were
excluded owing to the variation in outcomes), measured REE and
had sufficient data to include in the analyses. The types of nuts
included peanuts (n¼ 2), almonds (n¼ 1), hazelnuts (n¼ 1), and
a combination of tree nuts and peanuts (n ¼ 1). The
meta-analysis showed that nut consumption was associated with
a nonsignificant increase in REE, with a WMD of 28.6 kcal/d
(95% CI: �10.7, 67.8 kcal/d), as presented in Figure 3. The
leave-one-out sensitivity analysis showed that the removal of the
study by Alves et al. [36] resulted in a significant effect (WMD:
63.9 kcal/d; 95% CI: 3.4, 124.4 kcal/d), although removal of
other studies did not alter the effect (Supplementary Material 3).
Sensitivity analyses examining the effect of combining multiple
control arms [involving nonnut interventions by Tey et al. [58]]
found similar results to the primary analysis (WMD: 27.6 kcal/d;
95% CI: �13.9, 69.1 kcal/d), presented in Supplementary Ma-
terial 3.

Two studies [19,39] included in the systematic review were
not eligible for inclusion in the meta-analysis because they did
not have sufficient data available, either in the publication or
91
after contacting the study authors. Neither of these studies found
a significant effect of nut consumption on EE, with 1 study
reporting a nonsignificant decrease in REE [19], whereas the
other study did not provide EE values but instead reported that
they did not find any REE changes [39].
Discussion

Energy compensation is a plausible mechanism that may
explain the lack of an effect of nut consumption on body weight
observed in the literature [13–15]. The degree of energy
compensation seems to be dependent on whether nuts are eaten
alone as a snack or as part of a mixed meal, with stronger energy
compensation observed when nuts are consumed on their own as
a snack. However, the findings of this review suggest that nut
consumption has no significant effect on EE. Although
meta-analyses showed a small increase in REE associated with
regular nut consumption, the effect is lacking statistical and
clinical significance. The effect of nuts on diet-induced thermo-
genesis is also inconsistent and inconclusive. Although a previ-
ous systematic review explored the effect of nut consumption on
energy intake [13], our review expanded this by focusing on
acute energy intake compensation, in addition to examining the
effect of nut intake on EE, to provide a more complete view of the
effects of nuts on human energy balance regulation.
Energy compensation
In this review, energy intake after nut consumption was

explored over an acute period only. The intervention duration
was restricted to a 24-h period to focus on the effects of nut
intake specifically, rather than other potential factors that can
influence dietary behaviors over a longer duration. The nutrient
profile of tree nuts and peanuts is likely a contributing factor to
their energy compensation effects. Peanuts and tree nuts are
nutrient dense, being high in protein, fiber, and vitamins, min-
erals, and phytosterols [6]. Food high in protein and fiber are
known to be satiating [60] and are important to consider when
choosing healthy meals and snacks. However, energy compen-
sation ranged from �280.5% [42] to þ176.4% [53], and the
findings of this systematic review suggest that energy compen-
sation is stronger when nuts are consumed alone as opposed to
including nuts in a meal. The study by Burton-Freeman et al [42]
found that the addition of almonds to a breakfast meal promoted
subsequent food intake, with the lowest energy compensation of
�280.5%. One other study [55] investigated the addition of
either whole peanuts or peanut butter to a breakfast meal and
found an increase in food intake.

The literature has shown that consuming healthy, whole
foods as a snack increases satiety and helps regulate appetite
throughout the day [61]. For this reason, when nuts are
consumed as a snack, as opposed to nuts being combined with
other foods in a meal, energy compensation is likely to be
greater. This concept has also been explored in the literature. An
RCT found that almonds were more effective at reducing hunger
when they were being consumed as a snack, rather than part of a
meal [62]. Similar research has been conducted in other foods. A
study by Mattes and Campbell [63] explored the effect of timing
and food form on appetite, with consumption of an apple (solid),
apple sauce (semisolid), or apple juice (liquid) either with a meal



TABLE 4
Main findings of the 11 included studies examining the effect of tree nut and peanut consumption on EE in adults aged �18 y

Reference; country Primary Outcome EE Results (control diet) EE Results (intervention diet)

Alves et al. [36,37];
Brazil

PP EE; chronic REE and DIT PP study
Baseline: 1930 (SEM: 41.2) kcal/d (P> 0.05 vs. both peanut meals)
200 min: 9.04% higher than baseline (P < 0.05 vs. regular peanuts)
EE expressed as AUC: 582.7 (SEM: 37.7) (P > 0.05 vs. both peanut
meals)
Chronic study
Change in REE: �21.3 (SEM: 15.4) kcal/d
Baseline DIT: 3.21% (SEM: 0.25%)
DIT (4 wk): 3.07% (SEM: 0.43%) (P> 0.05 vs. both peanut meals; P
> 0.05 vs. control baseline)

PP study
Baseline:
HOPs: 1968 (SEM: 31.3) kcal/d (P > 0.05 vs. control and regular
peanuts)
Regular peanuts: 1964 (SEM: 43.9) kcal/d (P> 0.05 vs. control and
HOPs)
200 min:
HOPs: 9.25% higher than baseline (P < 0.05 vs. regular peanuts)
Regular peanuts: 6.46% higher than baseline
Both P < 0.05 compared with baseline
EE expressed as AUC:
HOPs: 636.6 (SEM: 43.7) (P< 0.05 vs. regular peanuts; P> 0.05 vs.
control)
Regular peanuts: 492.9 (SEM: 35.1) (P > 0.05 vs. control)
Chronic study
Change in REE
HOP: �0.4 (SEM: 19.5) kcal/d
CVP: �26.9 (SEM: 14.1) kcal/d
Baseline DIT:
HOP: 3.57% (SEM: 0.26%) (P < 0.05 vs. CVP; P > 0.05 vs. control)
CVP: 2.60% (SEM: 0.17%)
DIT (4 wk): HOP: 2.97% (SEM: 0.21%) (P> 0.05 vs. control and vs.
CVP)
CVP: 2.38% (SEM: 0.24%) (P > 0.05 vs. control)
Both P > 0.05 compared with baseline

Casas-Agustench et al.
[24]; Spain

PP TEF SFA
TEF (% above RMR): 9.6% (95% CI: 7.7, 11.4)
Baseline fasting RMR: 323.2 (95% CI: 302.3, 344.1) kJ/h (P > 0.05
vs. MUFA and PUFA)
MUFA
TEF (% above RMR): 11.8% (95% CI: 9.7, 13.9) (P < 0.05 vs. SFA)
Baseline fasting RMR: 318.9 (95% CI: 298.5, 339.3) kJ/h (P > 0.05
vs. SFA and PUFA)

PUFA
TEF (% above RMR): 12.3% (95% CI: 9.7, 14.9) (P< 0.05 vs. SFA; P
> 0.05 vs. MUFA)
Baseline fasting RMR: 318.5 (95% CI: 298.2, 338.8) kJ/h (P > 0.05
vs. SFA and MUFA)

Gepner et al. [49];
Israel

PP EE Baseline REE: 1829.4 (SD: 229.5) kcal/d (P> 0.05 vs. intervention)
40-min PP REE: 1965.4 (SD: 261.6) kcal/d (P < 0.05 vs.
intervention)
DIT: 14.24 (SD: 17.58) kcal/40 min (P < 0.001 vs. intervention)

Baseline REE: 1878.9 (SD: 234.9) kcal/d (P > 0.05 vs. control)
40-min PP REE: 1860.9 (SD: 218.5) kcal/d (P < 0.05 vs. control)
DIT: �2.01 (SD: 15.03) kcal/40 min (P < 0.001 vs. control)

Tapsell et al. [56];
Australia

PP EE No adjustment: 677.7 (SD: 133.0) kcal
Adjusted: 671.0 (SD: 104.6) kcal.1 Both not significant vs.
intervention

No adjustment: 677.8 (SD: 146.3) kcal
Adjusted: 670.2 (SD: 110.0) kcal1

Both not significant vs. control
Tentolouris et al. [57];
Greece

PP EE and MIT Lean participants
Fasting REE: 6799.2 (SEM: 31.4) kJ/d (P < 0.05 vs. obese)
3-h PP REE: 7874.4 (SEM: 34.9) kJ/d (P < 0.001 vs. fasting; P >

0.05 vs. obese)
MIT (iAUC): 128.4 (SEM: 16.8) kJ/h (P > 0.05 vs. obese; P < 0.05
vs. lean intervention)
Participants with obesity
Fasting REE: 8090.4 (SEM: 41.5) kJ/d (P < 0.05 vs. lean)
3-h PP REE: 8947.2 (SEM: 41.5) kJ/d (P < 0.001 vs. fasting; P >

Lean participants
Fasting REE: 6326.4 (SEM: 43.2) kJ/d (P < 0.05 vs. obese)
3-h PP REE: 6998.4 (SEM: 41.6) kJ/d (P < 0.001 vs. fasting; P >

0.05 vs. obese)
MIT (iAUC): 74.4 (SEM: 13.2) kJ/h (P> 0.05 vs. obese; P< 0.05 vs.
lean control)
Participants with obesity
Fasting REE: 7944.0 (SEM: 57.1) kJ/d (P < 0.05 vs. lean)
3-h PP REE: 8736.2 (SEM: 63.8) kJ/d (P < 0.001 vs. fasting; P >

(continued on next page)
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0.05 vs. lean)
MIT (iAUC): 130.8 (SEM: 11.4) kJ/h (P> 0.05 vs. lean; P< 0.05 vs.
obese intervention)

0.05 vs. lean)
MIT (iAUC): 89.4 (SEM: 8.4) kJ/h (P > 0.05 vs. lean; P < 0.05 vs.
obese control)

Agebratt et al. [22];
Sweden

Chronic BMR Baseline: 1787 (SD: 278) kcal/d
8 wk: 1845 (SD: 240) kcal/d (P ¼ 0.52 vs. intervention)

Baseline: 1931 (SD: 221) kcal/d
8 wk: 2031 (SD: 294) kcal/d (P ¼ 0.52 vs. control)

Brennan et al. [39];
USA

Chronic REE No values provided “We did not find any REE changes on day 4 of admission”

Claesson et al. [44];
Sweden

Chronic BMR Baseline: 6.657 (SD: 1.1) MJ/d
Post: 6.762 (SD: 1.1) MJ/d (P > 0.05 vs. baseline)
Change from baseline: 0.105 (SD: 0.31) MJ/2d (P > 0.05 vs.
intervention change)

Baseline: 6.896 (SD: 0.98) MJ/d
Post: 7.256 (SD: 1.1) MJ/d (P < 0.05 vs. baseline; P > 0.05 vs.
control post)
Change from baseline: 0.360 (SD: 0.47) MJ/d (P > 0.05 vs. control
change)

Fraser et al. [19]; USA Chronic REE Estimated REE: 308.8 kcal/d (n ¼ 41) (P > 0.05 vs. intervention) Estimated REE: 301.4 kcal/d (n ¼ 41) (P > 0.05 vs. control)
Hollis and Mattes
[25]; USA

Chronic RMR and TEF RMR
Baseline: 1473 (SD: 182) kcal/d
Week 8: 1446 (SD: 236) kcal/d
TEF (week 8): 3.1% (SD: 6.3%) above RMR
No significant changes in RMR or TEF

RMR
Baseline: 1455 (SD: 200) kcal/d
Week 8: 1499 (SD: 195) kcal/d
TEF (week 8): 3.2% (SD: 4.6%) above RMR
No significant changes in RMR or TEF

Tey et al. [58]; New
Zealand

Chronic RMR Baseline mean (n ¼ 52): 1489.29 (SD: 275.82) kcal/d2

Week 12 change
No snack (n ¼ 13):
�79.62 (SE: 38.39) kcal/d
Chocolate (n ¼ 12): �69.92 (SE: 89.94) kcal/d
Crisps (n ¼ 10):
11.70 (SE: 69.37) kcal/d
Overall P ¼ 0.922 among groups

Baseline mean (n ¼ 52): 1489.29 (SD: 275.82) kcal/d2

Week 12 change
Hazelnut (n ¼ 14): �56.86 (SE: 58.40) kcal/d
Overall P ¼ 0.922 among groups

BMR, basal metabolic rate; CVP, conventional peanut; DIT, diet-induced thermogenesis; HOP, high-oleic peanut; iAUC, incremental area under the curve; MIT, meal-induced thermogenesis; PP,
postprandial.
1 Sample size: n ¼ 14 for adjusted; n ¼ 16 for nonadjusted.
2 Baseline RMR for 52 participants.
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FIGURE 3. Forest plot of the effect of tree nut and peanut consumption on REE (in kilocalories per day), categorized into subgroups based on
mean change or final values. Diamond indicates weighted mean difference with 95% CIs.
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or alone as a snack compared. The authors concluded that the
apple elicited the strongest appetitive response, followed by
apple sauce and apple juice, and that this effect was stronger
when the apple was consumed as a snack as opposed to with a
meal [63]. Therefore, consuming whole foods as
snacks—particularly those that take a solid form and are high in
protein or fiber—may regulate appetite throughout the day, as
suggested in the literature [61], and may provoke a stronger
compensatory effect than when added to meals.

Besides the timing of nut consumption in meals versus snacks,
nut flours and nuts that were finely ground did not provoke
energy compensation and instead resulted in an increased energy
intake. Nut flours and ground nuts contain smaller particle sizes
and, therefore, do not require the same level of mastication as
when consuming whole nuts. The act of mastication reduces food
intake and promotes satiety [64]. Cassady et al. [65] investigated
the effect of mastication of almonds on appetite and found
hunger suppression and increased appetite after 40 chews
compared with that after 25 chews and significantly lower
glucagon-like peptide 1 after 25 chews than that after 40 chews.
Therefore, energy compensation may be greater with whole nuts
than with ground nuts and nut flours. In addition, 2 studies [41,
45] that investigated finely ground nuts mixed into shakes
(beverages), which did not require mastication, did not show
evidence of energy compensation. A systematic review of energy
compensation after the consumption of a range of preloads
(including liquid preloads such as beverages, shakes, and soups;
semisolid preloads such as yogurts and chunky soups; and solid
preloads such as vegetables, breads and meat, and composite
meals) found that the physical form of the preloads was a
contributing factor to differences in energy compensation and
that solid and semisolid preloads increased energy compensation
[66]. Moreover, another study found that solid foods are more
satiating than liquids, which may explain why solid foods typi-
cally promote energy compensation [67]. The physical form of
tree nuts and peanuts seems to affect subsequent energy intake
and energy compensation effects, so a recommendation to
consume nuts in their whole form would be appropriate to pre-
vent excessive energy intake.

The effects of peanut butter consumption on energy intake
and compensation varied [18,55]. One study [55] reported
greater energy intake after peanut butter consumption (i.e., no
compensation), whereas the other study [18] reported over-
compensation with peanut butter. However, the former study
included peanut butter in a breakfast meal, whereas, in the latter,
94
peanut butter was consumed alone. This may explain the varied
results for peanut butter given the findings of this review suggest
that energy compensation is weaker when nuts are consumed
within a meal, although more research is required to further
understand this relationship. Kirkmeyer and Mattes [18] inves-
tigated both whole peanuts and peanut butter, which were both
consumed alone, and found that both elicited strong energy
compensatory effects. Therefore, peanut butter and whole pea-
nuts may provoke a similar degree of energy compensation when
they are consumed alone; however, future research should
continue to investigate the energy compensatory effects of nut
butters.

When considered separately from whether nuts are consumed
as meals or snacks, the time of nut consumption (for example,
morning vs. afternoon) within a single day did not seem to affect
the level of energy compensation. As discussed previously, nut
intake at a morning breakfast meal did not produce an energy
compensation effect; however, snacking on nuts in the morning
did result in partial or overcompensation in several studies. All
studies instructed participants to consume nuts or nut-containing
intervention in the morning, except for 2 [43,47] which inves-
tigated nut consumption in the afternoon and saw variation in
results. By comparison with literature that has explored chronic
effects of nuts on energy compensation, regular nut intake within
a diet over a longer period shows more consistent results. A study
by Sabat�e et al. [21] investigated energy compensation with
regular walnut consumption compared with a habitual diet. A
minimally higher mean daily energy intake was observed with a
walnut-supplemented diet than that with a habitual diet, but the
increased energy intake in the nut-containing diet was less than
expected, indicating partial compensation had occurred [21].
Another study found that regular consumption of peanuts pro-
voked partial energy compensation, even when no dietary
guidance was provided about how to incorporate the peanuts
into participants’ diets [23]. Further research has identified
other beneficial outcomes associated with regular nut con-
sumption, including weight loss and improved diet quality [68,
69]. Habitual nut consumption, therefore, appears to have a
greater effect on energy compensation than the timing of nut
consumption.

Across studies, there did not seem to be a dose–response effect
of nut consumption on energy compensation. Only 1 study [51]
included in this review compared 2 doses of nuts—a mid-morning
snack of either 28 or 42 g of almonds. Although a higher
compensatory effect was found with the higher dose in this study,
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owing to the variation in results across all studies, the dose of nuts
did not seem to affect the degree of energy compensation.
Whether nuts are consumed as a snack or part of a meal or
consumedwhole or finely chopped seems to be a greater predictor
of energy compensation, likely because of the properties of nuts
discussed previously. Future studies that investigate the energy
compensation effects of nuts should include several doses to
further understand whether a dose–response effect exists.
EE
The findings relating to the effect of nuts on EE were incon-

sistent. Studies were organized into acute (where interventions
were completed within 24 h) or chronic (interventions lasting
>1 d) categories. Results varied considerably among acute
studies. In 1 study [37], the consumption of high-oleic peanuts
increased postprandial EE when compared with regular peanut
consumption. Another study included in this review found that
the walnut-containing meal elicited a higher TEF than an olive
oil-containing meal and a dairy-containing meal [24]. These
findings suggest that the fatty acid profile of nuts affects fat
oxidation and hence EE. Research has shown that in healthy
male subjects, olive oil (high in oleic acid) caused an increase in
postprandial EE when compared with flaxseed oil (high in lino-
lenic acid; P < 0.0006) and sunflower oil (high in linoleic acid; P
< 0.06) [70]. Another study has shown that oleic acid increases
REE, whereas palmitic acid caused a decrease [71]. In this re-
view, high-oleic peanuts were found to cause a greater increase
in postprandial EE than regular peanuts. Approximately 54% of
the fatty acids found in regular peanuts are monounsaturated
fatty acids (includes oleic acid), and this proportion increases to
82% in high-oleic peanuts [72]. Moreover, the literature has
confirmed that unsaturated fatty acids are more readily oxidized
than saturated fatty acids [73–75], and this mechanism is likely
the reason why nuts caused a greater increase in postprandial EE.

There was no evidence to suggest that the long-term con-
sumption of nuts affects REE. A meta-analysis of 5 chronic
studies found a nonsignificant increase of 28.58 kcal/d in REE,
consolidating the broader findings of this systematic review. The
results of this review are similar to those of 2 studies, which were
excluded from this review because physical activity records,
rather than indirect calorimetry, were used to estimate EE [38,
59]. An increase in REE of 28.58 kcal/d is clinically insignificant.
It is estimated that a deficit of at least 500 kcal/d (by removing
500 kcal/d from the diet, increasing EE by 500 kcal/d, or a
combination of diet and expenditure approaches) is required for
healthy weight loss of approximately 500 g/wk [76]. It is unclear
why nut consumption has no effect on REE. Research has sug-
gested that EE is higher with consumption of a high-protein diet
compared with high-carbohydrate or high-fat diets [77,78]. In-
creases in postprandial EE is also greatest after protein con-
sumption and lowest after fat consumption [79]. Given that nuts
are high in both protein and fat, the nutrient profile of tree nuts
and peanuts may explain the inconsistent findings relating to
postprandial EE and the lack of an effect on REE.

Sensitivity analyses demonstrated that the removal of the study
by Alves et al. [36], the highest weighted study in the
meta-analysis, caused the effect of nut consumption on REE to
become significant. One potential reason for this occurrence could
be the differing results between the 2 intervention arms in this
study, which examined the effect of high-oleic and regular peanut
95
consumption, respectively. Although the results of both peanut
interventions were combined into a single intervention for the
meta-analysis, the study reported that REE was higher in the
high-oleic peanut arm that in the control arm, whereas REE was
lower in the regular peanut arm than in the control arm. The study
population of overweight or obese male participants in the study
by Alves et al. [36] may partially explain this finding because EE is
typically different between male and female subjects [80].
Study strengths and limitations
The strengths of this review include the consideration of 2

energy regulation mechanisms of nuts—energy compensation and
increased REE—to understand the lack of an effect of nut con-
sumption on body weight previously reported in the literature
[13–15]. Furthermore, in EE studies, both acute and chronic ef-
fects were explored to further understand this mechanism. A
meta-analysis was conducted to explore the effect of chronic nut
consumption on REE. However, this review has some limitations.
Chestnuts were eligible for inclusion in this review because they
are botanically considered a tree nut. However, they have a
different nutrient composition to other tree nuts and peanuts, and
for this reason, they are usually excluded from nut-related
research. Among energy compensation studies, energy intake
was measured at various time-points including at the subsequent
meal, energy intake postintervention and total daily energy
intake, which may have resulted in the lack of consistent results
observed. As a result of the substantial variation between the types
of outcomes investigated, quantitative synthesis of results via
meta-analysis was not considered appropriate for energy intake
and compensation studies. Circadian rhythmmay potentially have
an impact on REE; however, this was not accounted for among EE
studies. Finally, although the studies included in this review were
RCTs, there is the possibility that other factors such as a healthier
lifestyle overall may have affected the findings.

Conclusion

This systematic review and meta-analysis has found evidence
of energy compensation as a potential energy regulation mecha-
nism of tree nuts and peanuts, at least in the short-term. No evi-
dence was found for EE. Energy compensation seems to be
stronger when nuts are consumed alone rather than integrated
into a meal. In comparison, the consumption of nuts seemed to
have no impact on REE. More research is required to better un-
derstand the effects of nut butter consumption on energy
compensation, and various doses of nuts should be included in
future studies. Future research should continue to explore the
effect of nut consumption on postprandial EE because the results
of our review were inconsistent. In addition, future studies should
investigate understudied nuts, such as macadamias, pecans, and
pine nuts, to better understand energy compensation and EE ef-
fects across all types of nuts. The potential effect of nutrient
composition of individual nut types and the gut microbiome on
energy compensation and EE should be explored in future studies.
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